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EFFECTS OF GRAVITY ON BODY FUNCTIONS 
AND PROBLEMS  OF  SPACE  FLIGHT 

P. K.  Isakov, Ye. M. Yuganov, and I.   I.  Kas'yan 

The inc rease   i n   speed  and a l t i t u d e  of spacec ra f t   has  made it neces-  
s a r y   t o   s t u d y  a number of new f a c t o r s ,  among which weight lessness  
occupies an impor tan t   pos i t ion .  

To d a t e  a l a r g e  amount of  experimental  materials concern ing   the  
e f f e c t s  of p a r t i a l  or complete  weightlessness on var ious   func t ions   o f  
t h e  body  have  been  published. However, un l ike   our  knowledge  about 
a c c e l e r a t i o n   e f f e c t s  on t h e  body, t h e  mechanisms  of the   ac t ion   of   weight -  
lessness   have s t i l l  not   been   genera l ized   in to  a theo ry .  It i s  necessary 
t o   c r e a t e  a s i n g l e   t h e o r y   t r e a t i n g   t h e   e f f e c t s  on t h e  body of both  ac-  
c e l e r a t i o n  and  weight lessness  as f a c t o r s   o f   t h e  same c a t e g o r y ,   i . e . ,  
equa l ly  stemming  from  changes i n   t h e   g r a v i t a t i o n a l   f i e l d .  

Under the  ordinary  environmental   condi t ions  encountered by t h e  
human organism i n   t h e   c o u r s e  of a l i f e t i m e ,   t h e  phenomenon o f   f l uc tu -  
a t i o n s   i n   t h e   w e i g h t  of the   o rganism  in  a s t a t e  of rest i s  p r a c t i c a l l y  
nonexis ten t .   Both   acce le ra t ion   and   weight lessness   (par t ia l  o r  com- 
p le te )   occur   on ly  as a resul t   of   the   dynamics  of   motion.  The body i s  
s u b j e c t e d   t o   a c c e l e r a t i o n  and  weight lessness   during a l l  of i t s  l i f e .  O f  
course,   such  f luctuat ions  in   the  weight   of   the   organism as do  occw? i n  
the  course  of  i t s  movements are in s ign i f i can t   i n   magn i tude  and du ra t ion .  
However, t he i r   f r equency  and r e g u l a r i t y  do  have  two  kinds  of  effects on 
t h e  body. On t h e  one  hand, f l uc tua t ions   i n   we igh t   have  a format ive   e f -  
f e c t  on the  morphological   and  funct ional   s t ructures   of   the   body;  and on 
the   o ther   hand ,   the  body i s  t o  a c e r t a i n   e x t e n t   a d a p t a b l e  when it en- 
counters   var ious   phys ica l   parameters  of we igh t   f l uc tua t ion   i n   t he   cour se  
o f   s t r enuous   ac t iv i ty .  Of cou r se ,   ne i the r   t he   deg ree   o f   adap ta t ion   no r  
t he   r ange   o f   adap tab i l i t y  i s  t h e  same f o r   a c c e l e r a t i o n  as it i s  f o r  
weight lessness .   This  i s  explained by t h e   f a c t   t h a t   d u r i n g   t h e  l i f e  
cyc le   o f   the   o rganism  the   format ive   e f fec ts  of a c c e l e r a t i o n  on t h e  mor- 
pho log ica l   and   func t iona l   s t ruc tu res   o f   t he  body occur much more o f t e n  
than   those   o f   weight lessness .   In   addi t ion ,   the   ac t ion  of a c c e l e r a t i o n  
may be   mu l t ip l e   and   exe r t ed   i n   va r ious   d i r ec t ions ,  which n a t u r a l l y  i s  
not  true wi th   weight lessness .  

Under cond i t ions   o f   acce l e ra t ion  and we igh t l e s sness ,   t he   bas i c   r eg -  
u l a r i t i e s  of func t ions  show v a r i a t i o n s  whose appearance  and  magnitude 
depend  on t h e   f o r c e   o f   g r a v i t y .  



In considering  data  characterizing  the  differential  threshold of 
perception of the  force  of  gravity,  it  must  be  noted  that  under  these 
conditions  the  regularities  established  by  Veber-Fekhner  are  altered. 
Thus,  in  estimating  weights  by a r m  movements  with  the  elbow  joint  im- 
mobilized  under  conditions  of  acceleration,  the  sensations of the  subject 
lead  him to underestimate  the  weight  of  objects.  When  the  weight  of an 
object  is  estimated  using  the  whole  arm,  without  immobilization,  the ten- 
dency  is to overestimate  it. No doubt  such  fluctuations  in  estimating  the 
weight  of  objects  are  also  dependent  on  the  weight  of  the  parts  of  the  arm 
used  in  making  the  estimate. The  proportional  gain in weight  of  parts  of 
the  arm  during  exposure to  acceleration  interferes  with  the  process  of 
estimating  the  weight  of  objects.  And  the  greater  this  gain  in  weight  as 
more  and  more  of  the  arm  (wrist,  forearm,  upper  arm)  is  included,  the 
greater  the  extent to which  the  weight  of  the  object  is  overestimated. 

Experiments  under  conditions  of  short-term  weightlessness  confirmed 
the  dependence  established  during  exposure to acceleration:  the dif- 
ferential  threshold  of  perception  of  gravitational  force  decreases  during 
weightlessness (D. V. Afanas  'yev,  Table 1). 

Table I 
. .~ ~~ . .. ~~~~ . " 

Range  of  variations On  the In horizontal In weightless- 
of  force  (in  grams) ground flight ness 

540 - 650 0.13  0.13 0.09 
~ "~..~.. . " .. 

The  table  cited  shows  results  obtained  with  the  subject's  body  and 
wrist  immobilized,  the  threshold  of  perception  of  variations  in  the  force 
of  gravity  being  determined  by  the  first  joint  (phalanx)  of  the  index 
finger.  Similar  results  were  obtained  when  the  threshold  of  perception 
of  variations  in  gravitational  force  was  determined  using  the  entire 
forearm  without  immobilization  (Table 2) : 

Table 2 
- ~ 

Range of variations On the In horizontal In weightless- 
of force  (in  grams) ground flight ness 

778 - 945 0.11 0.11 0.09 

The  accuracy  of  movements  during  weightlessness  depends,  according 
to the  data  of  many  authors,  on  the  degree to which  the  subject  adapts 
to weightlessness.  Thus,  in  Beck's  studies,  all  subjects  improved  the 
accuracy  of  their  execution  of  assigned  movements  in  proportion to  the 
number  of  times  the  experiments  were  repeated. In the  studies  of M. A. 
Cherepakhin,  the  score  for  hits  in  the  center  of  a  target  accomplished 
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by  hand  movements  reached 86 percent  in  subjects  well-adapted  to  weight- 
lessness. A similar  accuracy  was  attained  by  these  subjects  in  hori- 
zontal  flight. As in  Beck's  studies,  the  attempt to control  hand 
movements  visually  resulted  in  decreased  accuracy. 

On  comparing  these  data  with  those  of  analogous  experiments  con- 
ducted  during  exposure to acceleration (V.  V. Usachev  and  others),  it  may 
be  noted  that  the  results  have a general  character:  change  in  the  weight 
of the  hand  (during  acceleration or weightlessness)  impairs  the  coordinated 
functioning  of  the  epidermal  and  motor  analyzers  in  estimating  the  weight 
of objects. The briefer  the  duration  of  such  changes,  the  less  opportu- 
nity  the  body  has to normalize  the  ordinary  interrelations  in  the  activ- 
ity  of  epidermal  and  motor  analyzers. 

Under  conditions  of  exposure  to  acceleration  and  weightlessness, 
changes  in  bioelectric  activity  have  a  quantitatively  contradictory 
character. It has  been  established  by  the  experiments  of V. I. 
Babushkin, P. K. Isakov,  and  others  that  during  increased  accelerations 
up  to 5 G I s ,  the  amplitude  of  skeletal  muscle  biopotentials  in  man  also 
increases.  However,  accelerations  in  excess  of 5 G I s  in  the  majority  of 
cases  are  not  accompanied  by  any  increase  in  the  amplitude  of  oscilla- 
tions.  The  increase  in  the  amplitude  of  oscillations  is  interpreted  as 
the  result  of  increased  muscle  tone  during  exposure to acceleration,  and 
is  connected  with  change  in  the  stimulation  of  proprioceptors. 

Studies  of  the  electrical  activity  of  the  "antigravity"  musculature 
of  animals  and  human  beings  have  shown  that  during  exposure to weight- 
lessness  a  sharp  drop  in  the  voltage  of  oscillations OCCUTS, while  in  a 
number  of  cases  phenomena  similar to a  picture  of  bioelectric  silence 
have  been  noted  (Ye. M. Yuganov,  B. F. Asyamolov).  On  the  basis  of  the 
data  cited,  it  is  possible to state  that  the  degree  of  tonicity  of  skel- 
etal  musculature  during  exposure to acceleration  and  weightlessness  is 
different . 

The  role  and  importance  of  gravitation  in  the  formation  of  various 
levels  of  occurrence  of  bodily  functions  may  also  be  somewhat  clearly 
illustrated  by  the  character  of  changes  in  several  vestibular  reaction 
indices. It  has  been  established  that  exposure  to  a  constant  accelera- 
tion  that  creates  a  body  weight  greater  than  the  weight  of  the  human  sub- 
ject  under  ordinary  conditions,  as  well  as  the  process  of  increased  weight 
itself,  produces  pronounced  activation  of  nystagmus  reaction  indicators. 
Moreover,  the  state  of  weightlessness  and  the  process of lessened  weight 
act  as  external  stimuli  leading to the  inhibition  of  vestibular  nystagmus. 
Analysis  of  numerous  data  shows  that  weightlessness  results  in  a  level  of 
otolithic  stimulation  which  is  quantitatively  different  from  that  observed 
under  terrestrial  conditions.  This  is  due to the  unique  character  of  the 
functional  interaction  of  the  otolithic  and  cupular  structures of the 
vestibular  analyzer  and  is  manifested in  an  external  picture  of  lowered 
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excitability of the  semicircular  canals  during  weightlessness,  compared 
with  their  excitability  under  terrestrial  conditions or during  exposure 
to acceleration  (Ye. M. Yuganov). 

Studies of gas  metabolism  and  energy  expenditure  during  the  initial 
~ phase  of  adaptation to weightlessness  have  established  that  these  integral 
indices  of  the  state  of  the  organism  increase  their  levels. The same 
studies  have  emphasized  once  more  the  importance  of  positional  adjust- 
ment  reflexes  (body  attitudes)  in  the  process  of  the  adaptation  of  the 
organism to  new  amounts  of  gravity,  which  also  is  true  during  exposure 
to acceleration.  It is extremely  important  for  the  realization  of  space 
flight to establish  the  time  required  for  normalizatioa  of  gas  metabolism 
functions  under  conditions  of  weightlessness,  bearing  in  mind  the  obvious 
probability  that  the  level  of  gas  metabolism  processes  in  weightlessness 
will  be  lower  than  under  terrestrial  conditions. 

The  considerations  presented  above  can  naturally  only  serve  as 
materials  on  the  way to construction  of  a  general  theory  of  the  effect 
of  acceleration  and  weightlessness  on  the  body,  and to determination  of 
the  role  and  importance  of  these  factors  in  the  functioning  of  individual 
organs  and  systems.  The  problem  thus  defined  is  considerably  broader  and 
deeper  than  the  aspects  examined  here,  and  is  extremely  important  practi- 
cally  and  theoretically  in  studies  undertaken  in  preparation  for  prolonged 
space  flights  (including  moon  flights)  in  view  of  the  peculiarities  of  the 
gravitational  field  on  the  moon's  surface. 
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